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1.0  INTRODUCTION 

Visual  access  to  the  model  flow  field  is  severely  restricted  in  most  wind  tunnels  having 
perforated  walls.  Optimum  use  of  the  laser  velocimeter  (LV)  will  require  an  increase  in 
viewing  area.  The  purpose  of  this  investigation  was  to  evaluate  the  performance  of  several 
window  configurations  relative  to  the  standard  six-percent  perforated  wall  liners  in  the 
Arnold  Engineering  Development  Center  (AEDC)  Aerodynamic  Wind  Tunnel  (IT).  The 
general  criteria  for  an  acceptable  optical  wall  arrangement  were  chosen  as  (1)  that  the  wall 
contain  a  window  with  a  length  approximately  equal  or  equal  to  the  test  section  height  and 
with  a  height  of  one-half  its  length,  and  (2)  that  the  optical  wall  arrangement  produces 
interference  in  the  model  flow  field  at  least  as  low  as  that  resulting  from  use  of  the  standard 
six-percent  perforated  wall. 


2.0  ANALYTICAL  STUDY 
2.1  MATHEMATICAL  MODELING 

Candidate  window  configurations  were  selected  for  testing  based  upon  a  subsonic 
inviscid  wall  interference  analysis  using  the  Augmented  Potential  Flow  Program  (APFP) 
described  in  Refs.  1  and  2. 

A  horseshoe  vortex  and  a  source  were  used  in  the  calculation  of  lift  and  blockage 
interference,  respectively.  Choice  of  a  source  to  represent  model  body  blockage  rather  than 
a  doublet  was  based  upon  the  characteristics  of  the  experimental  models  to  be  tested.  For 
consistency  with  the  literature,  the  blockage  will  hereafter  be  referred  to  as  wake  blockage 
even  though  it  represents  the  test  article  “body”  and  supporting  sting. 

Each  wind  tunnel  test  section  wall  was  represented  by  a  rectangular  array  of  vortex 
panels.  The  two  kinds  of  arrays,  shown  in  Fig.  1,  were  formulated  to  provide  configuration 
flexibility.  By  specifying  the  value  of  the  porosity  parameter  (Q)  at  the  control  point  of  each 
individual  panel,  any  desired  porosity  distribution  could  be  imposed.  The  sidewall 
configurations  investigated  are  illustrated  in  Fig.  2.  Window  areas  (solid),  Q  =  0,  appear  in 
black,  whereas  different  types  of  crosshatching  are  used  to  indicate  other  porosity  values. 
The  panels  with  Q  =  0.3  represent  solid  taper  or  transition  regions  to  minimize  disturbances 
associated  with  abrupt  changes  in  porosity  (see  Fig.  8).  All  but  one  of  the  configurations 
shown  were  combined  with  standard  upper  and  lower  walls  with  Q  =  0.5.  Configuration  1 
was  a  closed  tunnel  with  Q  =  0  on  all  four  walls. 

Potential  flow  solutions  were  obtained  by  specifying  the  strength  of  either  the  source  or 
vortex  representing  the  test  article  disturbance,  imposing  the  desired  individual  wall  panel 
boundary  conditions,  and  solving  for  the  wall  panel  singularity  strengths  as  in  Refs.  1  and  2. 
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2.2  WALL  INTERFERENCE  CALCULATIONS 

Having  solved  for  the  wall  panel  singularity  strengths,  one  may  compute  the  wall 
interference  at  any  point  by  summing  the  velocity  components  induced  at  that  point  by  all  of 
the  wall  singularities.  The  axial  distributions  of  the  wall  interference  factor,  6,  and  the  wake 
blockage  ratio,  Qw,  were  calculated  for  each  configuration  in  Fig.  2.  Distributions  obtained 
for  configuration  3  (Q  =  0.5  on  all  walls)  are  compared  well  with  the  point-matching  results 
from  Ref.  3  in  Fig.  3.  The  slight  discrepancy  in  lift  interference  factor  is  consistent  with  the 
vortex  span  effect  discussed  in  Ref.  4;  therefore,  configuration  3  was  used  as  a  basis  for 
comparisons  for  the  window  configurations.  A  higher  porosity  would  reduce  the  blockage 
interference  but  would  result  in  an  increased  lift  interference.  A  lower  porosity  would  have 
the  opposite  effect. 

Selected  stream  wise  interference  distributions  are  compared  in  Fig.  4  to  illustrate  the 
effects  of  wall  configuration.  The  distributions  computed  for  four  different  window  lengths 
and  a  fixed  leading  edge  are  presented  in  Fig.  4a.  The  results  for  all  four  windows  were  so 
similar  that  only  one  curve  could  be  drawn.  The  effect  of  window  position  is  more 
pronounced  as  shown  in  Fig.  4b,  especially  upon  the  wake  blockage  ratio  upstream  of  the 
disturbance.  The  interference  remains  relatively  constant  downstream  of  the  disturbance. 
Centering  the  window  on  the  disturbance  produces  the  lowest  lift  interference  and  the 
highest  wake  blockage  ratio  at  that  station,  x//3b  =  0.  The  opposite  effect  can  be  seen  if  the 
window  is  moved  either  upstream  or  downstream. 

Computed  wall  interference  results  for  three  different  size  windows,  with  and  without 
leading-  and  trailing-edge  transition  regions,  are  presented  in  Figs.  4c,  d,  and  e.  Included  for 
comparison  are  the  configuration  3  distributions.  In  each  case,  the  addition  of  a  window 
improves  lift  interference  but  has  an  adverse  effect  on  wake  blockage  ratio  since  such  a  wall 
modification  lowers  the  average  wall  porosity.  The  small  changes  in  the  distribution  of 
interference  caused  by  the  transition  regions  are  similar  to  those  observed  in  Fig.  4b  and 
appear  to  be  related  to  effective  translation  of  the  window  leading  edge.  This  hypothesis  is 
verified  in  Fig.  4e  which  shows  that  the  leading-edge  transition  is  responsible  for  a  majority 
of  the  difference  in  distribution  with  and  without  transition. 

In  order  to  add  a  sidewall  window  without  significantly  increasing  the  wall  interference 
above  the  configuration  3  levels,  it  seems  reasonable  to  assume  that  additional  flow  relief  in 
the  vicinity  of  the  window  would  be  beneficial.  Configuration  6  was  designed  to  provide  a 
constant  local  average  porosity  of  approximately  Q  =  0.5  at  any  station  along  the  tunnel 
axis.  This  was  accomplished  by  placing  3-  by  12-in.  panels  having  a  porosity  of  Q  =  0.6 
above  and  below  the  6-  by  12-in.  window  where  Q  =  0.  The  resulting  interference 
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distributions  are  compared  in  Fig.  4f  with  computed  results  for  configurations  3  and  5.  The 
effects  of  the  Q  =  0.6  panels  (configuration  6)  are  seen  to  nearly  cancel  the  effects  of  the 
window  (configuration  5)  at  the  x/(3b  =  0  station  to  yield  both  lift  and  wake  blockage 
interference  levels  which  are  near  those  of  configuration  3.  The  configuration  6  wake 
blockage  ratio  distribution  is  different  from  that  of  configuration  3,  however,  with 
configuration  6  providing  a  more  favorable  gradient  in  the  vicinity  of  the  disturbance. 

In  addition  to  the  axial  distribution  of  the  lift  and  wake  blockage  interference  factors  on 
the  tunnel  centerline,  the  vortex  lattice  technique  was  also  used  to  compute  interference 
velocities  at  other  locations  within  the  test  section.  Projections  of  the  interference  velocity 
vectors  onto  constant  x-planes  are  shown  in  Figs.  5  and  6  for  wake  blockage  and  lift 
disturbances,  respectively.  The  method  of  presenting  interference  data  gives  a  direct 
graphical  representation  of  sidewash  and  upwash  velocities  resulting  from  such  disturbances 
and  can  yield  valuable  insight  into  the  three  dimensionality  of  the  flow  patterns. 

The  flow  fields  for  the  first  three  configurations  of  Fig.  5  are  quite  different.  As  can  be 
seen,  configuration  3  does  a  remarkable  job  of  reducing  the  interference  throughout  the  test 
section.  The  large  lateral  disturbances  reappear  with  the  addition  of  the  window  in  both 
configurations  5  and  6  and  could  result  in  relatively  large  errors  for  tests  involving  large  span 
test  articles. 

The  high  level  of  upwash  interference  in  the  plane  of  the  lift  disturbance  for  the  closed 
tunnel  (configuration  1)  shown  in  Fig.  6a  is  consistent  with  the  lift  interference  factor  data 
presented  earlier  in  Fig.  3a.  The  significant  reduction  of  downwash  resulting  from 
perforating  the  walls  is  illustrated  in  Figs.  6a  and  b.  The  relative  insensitivity  of  lift 
interference  to  differences  in  sidewall  can  be  seen  by  comparing  Fig.  4b  with  c  and  d.  Only 
slight  changes  in  the  gradient  of  downwash  along  the  wing  span  can  be  seen  between  the 
three  latter  configurations. 

2.3  CONCLUSIONS 

Based  upon  the  subsonic  analysis,  sidewall  windows  can  be  used  as  long  as  a  six-percent 
average  wall  porosity  is  maintained  at  any  axial  station  and  there  are  no  significant 
crossflows  generated  in  the  vicinity  of  the  test  article.  It  can  be  shown  that  a  slight  reduction 
in  the  average  porosity  below  the  standard  six  percent  will  produce  a  lower  level  of  lift 
interference  since  the  standard  walls  are  too  open  for  complete  cancellation  of  the 
interference.  Such  a  change  in  porosity,  however,  will  result  in  an  increase  of  wake  blockage. 
A  slight  increase  in  the  average  porosity  will  produce  the  opposite  effects  on  both  lift  and 
blockage  interference. 
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3.0  EXPERIMENTAL  INVESTIGATION 

3.1  WIND  TUNNEL  FACILITY 

The  experiments  described  herein  were  performed  in  the  AEDC  Tunnel  IT  (Ref.  5).  The 
facility  can  provide  continuous  flow  at  Mach  numbers  from  0.2  through  1.5.  The 
12-in. -square  test  section  is  37.5  in.  long  and  is  formed  by  four  removable  walls.  The  upper 
and  lower  walls  are  adjustable  to  permit  variation  of  wall  angle.  For  the  standard  P29  wall 
configuration,  all  four  wall  liners  are  perforated  with  0. 125-in. -diam  holes  inclined  into  the 
air  stream  at  an  angle  of  60  deg  to  provide  a  six-percent  open  area. 

3.2  TEST  ARTICLES 

The  two  test  articles  illustrated  in  Fig.  7  have  been  used  extensively  in  the  investigation  of 
lift  and  blockage  interference  caused  by  wind  tunnel  walls.  The  cone/cylinder  (Fig.  7a)  was 
used  in  early  experiments  to  evaluate  perforated  walls  and  in  the  development  of  the 
differential  resistance  wall  configuration  presently  used  in  the  AEDC  transonic  wind  tunnels 
(Refs.  6  through  12).  The  wing/centerbody  (Fig.  7b)  has  been  used  as  a  standard  model  for 
the  evaluation  of  lift  interference  (Ref.  13).  Although  most  of  the  previous  experiments 
involved  a  dual  lifting  surface  (wing  and  tail),  the  wing  alone  was  used  in  the  subject  test. 
The  installation  of  each  test  article  in  Tunnel  IT  is  shown  in  Fig.  8. 

The  wing  was  equipped  with  pressure  orifices  at  the  mid-semispan  location.  Nineteen 
taps  were  distributed  chordwise  along  the  upper  surface  of  the  right  wing.  A  similar  number 
were  installed  on  the  lower  left  wing  surface.  In  addition,  two  axial  rows  of  eleven  orifices 
each  were  located  on  the  center  body,  one  row  on  the  upper  centerline  and  another  on  the 
lower  centerline.  The  wing/centerbody  sting  was  equipped  with  two  sets  of  strain  gages, 
calibrated  to  provide  the  normal  force  and  moment  acting  on  the  model. 

Forty-four  orifices  were  installed  in  a  single  axial  row  along  the  upper-surface  centerline 
of  the  cone/cylinder. 

3.3  WALL  CONFIGURATIONS 

The  twelve  sidewall  configurations  selected  for  experimental  evaluation  are  illustrated  in 
Fig.  9.  Configuration  300  is  the  standard  P29  sidewall  liner  having  a  nominal  six-percent 
porosity.  Configuration  600  was  obtained  by  the  modification  of  configuration  300  shown 
schematically  in  Fig.  10.  The  remaining  600  series  as  well  as  the  500  series  configurations 
were  prepared  by  filling  appropriate  holes  with  water  putty. 
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3.4  TEST  CONDITIONS 

Surface  pressure  data  were  obtained  for  Mach  numbers  from  =  0.5  through  1.4  for 
both  models.  The  cone/cylinder  was  tested  in  conjunction  with  all  the  Fig.  9  wall 
configurations  using  the  optimum  wall  schedule,  0W  =  6*^  (Ref.  12).  Additional 
cone/ cylinder  measurements  were  made  for  configurations  300,  600,  601,  and  602  using 
6W  =  0.  The  wing/centerbody  was  tested  with  wall  configurations  300,  511,  600,  601,  602, 
and  522  using  0W  =  d*w.  No  wing/centerbody  measurements  were  made  with  0W  =  0. 

3.5  CONE/CYLINDER  RESULTS 

The  distribution  of  pressure  coefficient  along  the  upper  surface  of  the  cone/ cylinder  is 
presented  in  Fig.  11  for  configuration  300  at  Mach  numbers  from  M^  =  0.5  through  1.4. 
Measurements,  for  both  zero  wall,  0W  =  0,  and  optimum  wall,  0w>  are  included  for  each 
Mach  number.  It  appears  that  the  wave  cancellation  properties  of  the  wall  are  sensitive  to 
changes  in  wall  angle  as  evidenced  by  the  significant  differences  in  the  model  pressure 
distribution  where  the  optimum  wall  setting  is  not  zero  degrees.  This  is  consistent  with  the 
statement  in  Ref.  8  that  wall  angle  can  significantly  affect  the  compression  and  expansion 
cancellation  properties  of  a  perforated  wall. 


The  ability  of  a  wind  tunnel  wall  to  cancel  test-article-generated  disturbances  is  strongly 
dependent  upon  the  distribution  of  porosity.  Model  surface  pressure  measurements 
obtained  for  the  cone/cylinder  are  presented  in  Fig.  12  to  illustrate  the  effects  of  sidewall 
configurations.  Theoretical  pressure  distributions  computed  using  two  techniques  described 
in  Refs.  9  and  14  are  included  for  comparison. 

The  extremes  of  the  experimental  configurations  are  presented  in  Fig.  12a.  The 
configuration  600  results  are  similar  to  those  presented  in  Ref.  8  for  a  “too  open”  wall, 
whereas  the  configuration  511  distribution  suggests  a  “too  closed”  boundary.  The 
configuration  300  walls  provide  a  marked  reduction  in  interference.  Apparently  the  bow 
shock  was  reflected  as  a  weak  expansion  intercepted  by  the  model  at  xc/D  =  4.0.  The 
increase  in  pressure  coefficient  which  follows  xc/D  =  4.0  to  6.0  resulted  from  the  cone 
compression  field  being  reflected  by  the  wall  as  a  compression.  No  shoulder  expansion  can 
be  seen. 

Pressure  distributions  for  three  different  window  lengths  are  presented  in  Fig.  12b.  Since 
the  trailing  edge  of  each  window  was  at  the  same  axial  station,  any  decrease  in  length 
resulted  in  a  downstream  translation  of  the  leading  edge.  The  medium  length  window, 
configuration  522,  caused  little  improvement  over  configuration  511  since  both  windows 
extended  far  enough  upstream  to  intercept  the  bow  shock.  The  shock  apparently  struck  the 
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wall  upstream  of  the  short  window,  configuration  525,  resulting  in  a  pressure  distribution 
similar  to  that  of  configuration  300  from  the  nose  to  xc/D  =  7.0.  The  data  at  xc/D  =  7.0  to 
8.0  indicate  that  the  aft  portion  of  the  shoulder  expanion  was  intercepted  by  the  window  and 
reflected  as  an  expansion. 

Configuration  527  was  tested  to  separate  the  effects  of  window  length  and  leading-edge 
position.  A  window  slightly  shorter  than  the  configuration  525  case  was  positioned  so  that 
its  leading  edge  corresponded  to  that  of  the  configuration  511  window.  The  three  resulting 
model  pressure  distributions  are  compared  in  Fig.  12c.  The  bow  shock  and  the  forward 
portion  of  the  cone  compression  were  reflected  in  the  same  manner  by  configurations  511 
and  527.  The  perforated  wall  aft  of  the  configuration  527  window,  however,  provided 
insufficient  restriction  to  the  outflow  induced  by  the  high-pressure  region  downstream  of  the 
reflected  shock.  As  a  result,  a  secondary  expansion  system  was  generated  impinging  on  the 
model  at  xc/D  =  5.0.  The  remainder  of  the  distribution  indicates  that  the  shoulder 
expansion  was  adequately  cancelled. 

A  similar  secondary  (wall-generated)  disturbance  originated  near  the  leading  edge  of  the 
configuration  525  window  at  =  1.4.  At  that  Mach  number,  flow  leaves  the  test  section 
through  the  porous  wall  between  the  bow  shock  and  the  window  to  relieve  the  overpressure 
from  the  shock  and  model  nose  flow  field.  The  effect  of  the  secondary  compression  on  the 
model  pressure  distribution  resulting  from  the  abrupt  change  of  porosity  and  associated 
reduction  in  outflow  can  be  seen  from  xc/D  =  7.0  to  8.0  in  the  second  part  of  Fig.  12c. 

Placing  a  transition  region  upstream  of  configuration  525  results  in  the  distribution 
presented  in  Fig.  12d  for  configuration  524.  Two  effects  of  the  transition  appear  at  Ma  = 
1 .4.  The  increase  in  resistance  to  outflow  immediately  upstream  of  the  window  significantly 
reduces  the  strength  of  the  secondary  compression.  The  more  closed  wall,  however,  reflects 
the  bow  shock  and  nose  compression  field  as  a  slight  compression  rather  than  the  slight 
expansion  seen  in  the  configuration  300  distribution. 

At  =  1 .2  the  reflected  shoulder  expansion  is  nearly  as  strong  as  that  produced  by  the 
medium  length  window,  configuration  522,  in  Fig.  12b.  In  addition,  the  transition  region 
tends  to  exaggerate  the  effect  of  the  nose  compression  producing  a  higher  peak  pressure  at 
xc/D  *  0.6  than  did  the  largest  window,  configuration  511,  in  Fig.  12b. 

Replacing  a  solid  window  with  alternating  closed  and  six-percent  perforated  lateral  strips 
yields  a  somewhat  limited  visual  access  to  an  area  with  the  same  outer  dimensions  as  the 
solid  window.  Coupled  with  vertical  translation  of  the  test  article,  such  a  configuration  can 
provide  access  to  the  entire  region.  Model  pressure  distributions  for  solid  and  strip  windows 
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are  compared  in  Figs.  12e  and  f.  The  secondary  compression  which  was  indicated  by  the  Fig. 
12c  distribution  for  the  aft  window,  configuration  526,  at  Ma  =  1.4  was  significantly 
reduced  by  a  strip  window  at  the  same  position.  The  distribution  presented  in  Fig.  12c  also 
indicates  a  reduction  in  the  strength  of  the  shoulder  expansion  reflection  from  the  window. 
The  strip  window  in  the  forward  position,  configuration  528,  served  to  reduce  the  secondary 
expansion  effect  observed  in  Fig.  12c  for  configuration  527  at  =  1.2.  The  configuration 
528  window  had  little  effect  on  the  reflection  of  the  bow  shock  and  nose  compression  field  at 
that  Mach  number.  The  resulting  model  pressure  distribution  presented  in  Fig.  12f  is 
actually  closer  to  the  analytical  interference-free  solutions  than  are  the  configuration  300 
data. 

Configurations  601  and  602  were  designed  for  experimental  investigation  of  the  constant 
average  porosity  concept  which  produced  the  most  promising  results  in  the  analytical 
investigation.  The  two  wall  arrangements  were  intended  to  produce  “large-”  and  “small- 
grain”  effects,  respectively,  with  the  latter  configuration  providing  a  more  even  distribution 
of  porosity  in  the  vertical  direction.  In  both  cases  the  sidewalls  in  the  vicinity  of  the  model 
consisted  of  panels  having  zero  (window),  six-  and  twelve-percent  porosity  with  each  value 
of  porosity  covering  a  total  of  one-third  of  the  wall  height.  As  can  be  seen  in  Fig.  12g,  the 
cone/cylinder  pressure  distributions  for  both  configurations  correlate  well  with  the 
configuration  300  data  at  =  1.2. 

Comparisons  of  the  cone/cylinder  distributions  for  configurations  300  and  511  with 
configurations  601  and  602  are  presented  in  Fig.  13  for  selected  Mach  numbers  above  1.0. 
Configuration  602  exhibits  somewhat  better  wave  cancellation  characteristics  than  does 
configuration  601,  but  the  slight  reduction  in  interference  does  not  justify  segmentation  of 
the  window. 

Figure  13b  shows  that  the  distributions  generated  by  configurations  601  and  300 
correlate  well  at  the  Mach  numbers  above  Mm  =  1.15.  The  distributions  at  M_  =  1.05  and 
1.1  indicate,  however,  that  configuration  601  was  “too  open”  under  those  flow  conditions. 
The  close  agreement  between  the  distributions  of  configurations  300  and  511  at  the  latter 
two  Mach  numbers  strengthens  the  hypothesis,  since  configuration  601  is  basically  the  same 
as  configuration  511,  except  with  panels  of  twelve-percent  porosity  added  above  and  below 
the  window.  Good  correlation  with  the  standard  six-percent  walls  can  thus  be  obtained  with 
either  configuration  601  or  511  at  each  Mach  number  in  the  range  from  MOT  =  1.05 
through  1.4.  Therefore,  it  seems  reasonable  to  conclude  that  similar  wave  cancellation 
characteristics  could  be  achieved  at  all  the  same  Mach  numbers  with  a  single  wall 
arrangement  having  variable  porosity  panels  above  and  below  the  configuration  601 
window. 
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3.6  WING/CENTERBODY  RESULTS 

Experimental  chordwise  distributions  of  surface  pressure  along  the  wing  and  centerbody 
are  presented  in  Figs.  14a,  b,  and  c  for  selected  configurations  and  test  conditions.  Although 
significant  differences  in  the  distribution  of  pressure  resulted  from  variation  of  angle  of 
attack  and  Mach  number,  changes  caused  by  modification  of  the  tunnel  walls  were  nearly 
negligible.  The  experimental  measurements  for  configuration  300  in  Figs.  14a  and  b  show, 
respectively,  the  effects  of  angle  of  attack  and  Mach  number.  To  illustrate  the  relative 
magnitude  of  pressure  distribution  variation  associated  with  the  sidewall  arrangement  data 
representing  the  two  extremes,  namely  configuration  511  (too  closed)  and  configuration  600 
(too  open),  are  presented  with  the  configuration  300  results  for  Mm  =  1.2  and  ac  =  4.0  deg 
in  Fig.  14c.  The  comparatively  small  differences  observed  in  the  distributions  appear  to  have 
resulted  from  minor  variations  in  model  attitude  and  tunnel  flow  condition  thought  to  be 
within  the  tolerances  specified  for  the  tunnel  instrumentation.  Normal-force  coefficient  for 
a  nominal  angle  of  attack  of  4  deg  is  presented  versus  Mach  number  in  Fig.  15.  Measurement 
uncertainty  based  upon  an  error  analysis  using  the  estimated  individual  error  levels  is 
represented  by  vertical  bars  in  the  same  figure.  Since  most  of  the  experimental  data  for  all 
configurations  fall  within  the  computed  error  band,  any  apparent  trend  at  a  given  Mach 
number  would  be  of  questionable  origin.  It  is  reasonable  to  conclude  that  no  significant 
changes  in  lift  interference  were  caused  by  any  of  the  wall  configurations  tested. 

4.0  CONCLUDING  REMARKS 

The  results  of  this  study  to  determine  a  suitable  window/wall  configuration  indicate  that 
lift  and  blockage  interference  were  negligible  for  all  of  the  window  arrangements  tested 
throughout  the  subsonic  Mach  number  range.  For  supersonic  Mach  numbers  the  wave 
cancellation  properties  of  certain  configurations  were  found  to  approach  the  characteristics 
of  the  standard  porous  wall  with  no  windows.  No  single  window  arrangement  that  was 
tested  satisfies  the  general  criterion  of  providing  both  low  interference  and  unimpeded 
optical  access  to  the  test  article  flow  field  for  all  Mach  numbers. 

Based  on  this  test,  it  seems  unlikely  that  the  stated  criterion  can  be  satisfied  by  a  passive 
window/wall.  However,  the  data  indicate  that  adequate  cancellation  of  model-generated 
compression  and  expansion  waves  at  all  Mach  numbers  between  Mw  =  1 .0  and  1 .4  could  be 
provided  by  an  arrangement  consisting  of  a  6-  by  16-in.  window  with  a  3-  by  16-in.  variable 
porosity  panel  above  and  below. 
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Figure  5.  Continued. 
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Figure  5.  Concluded. 
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Figure  6.  Continued. 
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Figure  6.  Concluded. 
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Figure  8.  Installation  in  Tunnel  IT. 
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Config  Config 


Note:  All  test  configurations  are  variations  of  the  WiH  Closed 


standard  IT  side  wall  (Fig.  10).  Common 
details  such  as  solid  taper  and  support  ribs 
are  omitted  here  for  clarity. 
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Figure  9.  Sidewall  configurations  tested. 
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Figure  10.  Modification  of  Tunnel  IT  standard  sidewalls. 
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a.  <  1 .0 

Figure  11.  Axial  distribution  of  pressure  coefficient  on  cone/cylinder 
for  configuration  300  and  Mach  numbers  from  0.5 
through  1.4. 
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Figure  12.  Continued. 
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g.  Constant  average  Q 
Figure  12.  Concluded. 


a.  Effect  of  angle  of  attack 

ution  of  pressure  coefficient  on  the  wing  and  centerbody 
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Figure  15.  Variation  of  normal-force  coefficient  with  Mach  number,  nominal  a  -  4  deg. 
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NOMENCLATURE 

b  Wind  tunnel  half-width,  ft 

C  Wing  chord,  ft 

Cn  Normal-force  coefficient 

Cp  Pressure  coefficient 

D  Cylinder  diameter,  ft 

Fn  Normal  force,  lb 

h  Wind  tunnel  half-height,  ft 

Free-stream  Mach  number 

Q  Porosity  parameter,  Q  =  0  is  closed  wall  and  Q  =  1  is  open  jet 
s  Half-span  of  vortex  horseshoe,  ft 

u^  Free-stream  velocity,  ft/sec 

Vj  Vector  projection  of  local  interference  velocity,  ft/sec 
x  Distance  along  tunnel  centerline  from  a  disturbance,  ft 
Xb  Distance  from  centerbody  nose,  ft 
xc  Distance  from  cone/cylinder  nose,  ft 

xw  Distance  from  wing  leading  edge,  ft 
a  Angle  of  attack,  deg 

j8  Compressibility  factor,  (1  -  M^)1/2 

8  Lift  interference  factor  at  tunnel  centerline 
0W  Wall  angle  (positive  when  diverged),  deg 
Optimum  wall  angle,  deg 
X  h/b 

t  s/b 
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q  Density,  lb/cu  ft 

flw  Wake  blockage  ratio  at  tunnel  centerline 
SUBSCRIPTS 
b  Centerbody 

c  Cone/cylinder 

w  Wing 
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